A self-consistent perturbation model for calculating the ground-and excited-state electronic properties of molecular and rare-gas crystals is presented. A tight-binding approximation is used, in which the effects of the crystal potential, calculated with local-density functionals, are included as a perturbation on the molecules (or atoms). The molecular (atomic) wave functions are then computed from standard Hartree-Fock theory. For the case of solid argon under pressure, a decrease in atomic volume causes a gain in free energy, which is partially balanced by the energy required to compress the atom. Calculated exciton energies for Ar disagree by only 2.5% with experimental values at zero pressure.
I. INTRODUCTION
In the last two decades much progress has been made in the theory of gas-phase chemical kinetics. Many models' have been developed to explain and predict the outcome of reactive collisions between simple molecules. However, because of the fundamental differences between the chemistry of isolated molecules and molecules on a crystal lattice, gas-phase concepts are not directly applicable to reactions in solids, especially the high-pressure solids found in the interiors of planets, in detonation shock waves, or in diamond anvil cells. Recent experimental results on CO and SO2 at high pressures show that photochemical reactions occur in these materials only after the crystals undergo a structural phase transition. A recent theoretical calculation suggests that the H6 molecule, which cannot exist for more than one vibrational period in the gas phase, might be stabilized in a high-pressure solid. These results show that the reaction potential surfaces are much different in the solid than in the gas phase, with certain reaction pathways potentially blocked by the other rnolecules in the solid. Thus, a comprehensive theory of the chemical reactivity of such systems must treat both the electronic structure of the constituent rnolecules and the crystal structure. (2) Here, o. g is the gas-phase value of the polarizability and (r ) the average over the gas-phase electronic distribu- (3) where EJ is the appropriate energy density functional (kinetic, exchange, or correlation) for a uniform electron gas and V is the unit-cell volume. The forms of these functionals will be given in Eq. (5) crystal potential at zero pressure is given in Fig. 2 , where the positions of the neighbor shells are shown. The complicated shape is due to the balance between the repulsive forces and the attractive electrostatic forces. As noted earlier, only the first shell makes a major contribution to the perturbation integrals for the ground-state atom. As the pressure is increased, the shells move closer in and the crystal potential becomes more repulsive.
In Table I Given are the gas-phase, zero-pressure, and 500-kbar atomic densities. Marked along the R axis are the nearest-neighbor positions for the 0-, 100-, and 500-kbar crystals.
zero pressure, the atoms are essentially unperturbed from their gas-phase state, and the self-consistent structure and energy are the same as that found with the gas-phase atoms. As the pressure is increased, the lattice parameter found with the crystal atomic wave function becomes smaller than that found with the gas-phase wave function. By 500 kbar, the lattice parameter has been reduced by about 1% from the gas-phase atom calculation, giving a volume difference of about 3% and an energy difference of about 2%. The change in the atomic electronic distributions can be seen in Fig. 3 Table  I ). The dashed line in Fig. 1 is the self-consistent pressure-volume relation for Ar. The sma11er volumes found with the crystal atomic wave functions indicate that the effective interaction in the solid is less repulsive than that between gas-phase atoms.
In Table II As the atoms are compressed in the crystal lattice the extent of their electronic distributions is decreased (Fig. 3) .
The change of ((r ))'~w ith pressure is given in Table   III . There is a 3% decrease in the radius of the distribution from the gas-phase value to that found in the 500-kbar crystal. By using Eqs. (2) and (3) The crystal potentials for the Ar 'P and P states (electron configuration ls 2s 2p 3p 4s') were found using the self-consistent ground-state atomic densities and lattice constants. The reference potential H in Eq. (7) Fig. 4 .
Comparison of the excitation energies calculated for gasphase Ar atoms with the experimental values (Fig. 4) shows that the SCF method underestimates the energy change by about 0.7 eV for both the P and 'P states. This error is due to a lack of correlation in the Hartree-Fock method, where inclusion of the correlational energy would Pressure P is in kbar and the electronic radius {(r ))'~, the polarizability a(P), and the dispersion coefficient C6(P) are all in a.u. Gas-phase polarizability is ag. to the large error in the gas-phase values. As the pressure is increased we see a gradual increase in the exciton energies to 200 kbar, and then a slight decrease, with a shift at 500 kbar of about 1.5 eV from the zero-pressure value for both the triplet and singlet excitons. The zero-pressure experimental band gap at 14.16 eV is shown in Fig. 4 .
Since band-structure calculations give a value for the gap ranging from 8.3 to 18.5 eV, depending on the scheme used, we do not plot the calculated pressure-dependent band gap.
V. DISCUSSION
The model used here is based on the view that for closed-shell molecular crystals, the crystal properties are determined mainly by the ground-state properties of the molecules (rare-gas atoms 
